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3-Oxo-lanostenoic acidsAbstract Phytochemical investigation of the ethanolic extract of stem bark of Mangifera indica
variety ‘‘Fazli’’ yielded four new lanostene-type triterpenic acids characterised as 3-oxo-lanost-
cis-1,24-diene-27-oic acid (2), 3-oxo-lanost-cis-1,5,8,20(22)-tetra-ene-27-oic acid (3), 3-oxo-lanost-
1,7,20(22)-triene-13,14-seco-27-oic acid (4) and 3-oxo-lanosta-cis-1,5,24-trien-27-oic acid (5) along
with the known compound 3-oxo-lanost-cis-1,20(22)-diene-27-oic acid (1). The structures of these
phytoconstituents have been elucidated on the basis of spectral analysis and chemical reactions.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
Mangifera indica L. (Anacardiaceae), commonly known as Am
or mango, is a large evergreen tree with a heavy dome shaped
crown and straight, stout bole. It occurs throughout India,
other parts of temperate Asia, southern Europe and America
(Anonymous, 2003). It is the prominent fruit crop and over
1000 mango types are grown in various parts of India, each
having its own peculiar taste, ﬂavour and consistency of pulp.
The mango stem bark is astringent, anthelmintic and used to
treat haemoptysis, haemorrhage, nasal catarrh, diarrhoea,
ulcers, diphtheria, rheumatism and for lumbrici (Sharma and
Ali, 1992). The stem bark stops vomiting (Mhaskar et al.,2000). Aliphatic constituents, coumarin, mangiferine
(Sharma and Ali, 1993a, 1994, 1995), sesquiterpenoids
(Sharma and Ali, 1993b, 1995), triterpinoids (Anjaneyulu
et al., 1993, 1994) and phenolics (Ghosal and Chakrabarti,
1988; Barreto et al., 2008) have been reported from the stem
bark of different cultivars of M. indica. This manuscript
describes isolation and characterisation of four new 3-oxo-lan-
ostene-27-oic acid type triterpenoids from the stem bark of M.
indica cultivars ‘‘Fazli’’.2. Experimental
2.1. General
1H (300 MHz) and 13C (75 MHz) spectra were recorded by
Bruker spectrospin NMR spectrophotometer in CDCl3 using
TMS as internal standard. FAB-MS were scanned on a Jeol
D-300 Mass spectrophotometer using Argon/xenon (6 kV) as
the FAB gas. The IR spectra were recorded in KBr pellet on
Win IR FTS 135 spectrometer (Biorad, USA). The melting
Table 1 13C NMR spectral data of 1–5.
Position 1 2 3 4 5
1 147.2 146.9 148.1 148.7 147.5
2 126.3 126.7 127.3 128.1 127.1
3 207.9 207.3 206.7 207.6 206.8
4 46.5 47.1 44.9 44.9 46.5
5 45.1 45.7 144.5 46.1 145.1
6 23.2 22.8 121.2 24.3 122.6
7 26.5 27.2 56.8 116.7 31.2
8 46.4 46.8 132.3 125.8 49.3
9 47.2 47.9 134.6 49.1 48.7
10 37.8 37.2 37.5 36.9 36.4
11 22.1 22.9 24.8 22.8 23.6
12 35.3 35.8 34.6 35.1 35.0
13 45.2 45.6 44.9 37.1 45.1
14 47.5 47.8 51.0 34.8 47.2
15 32.6 33.1 33.9 33.8 32.9
16 29.1 28.8 29.2 27.6 28.3
17 50.6 50.2 51.9 50.2 51.3
18 18.3 18.2 18.7 12.2 17.9
19 21.3 21.7 18.9 19.8 20.7
20 135.0 33.8 134.8 136.5 34.1
21 16.3 16.6 16.2 18.4 17.3
22 128.6 36.1 125.1 124.6 35.8
23 24.7 24.2 26.6 27.0 25.0
24 34.1 126.3 34.3 28.6 125.8
25 36.2 132.8 35.9 34.8 133.4
26 19.9 19.3 19.6 20.1 18.9
27 178.8 176.5 179.1 179.7 177.1
28 27.2 27.3 26.9 23.8 27.8
29 23.0 23.5 26.8 23.2 24.1
30 20.2 20.7 21.2 21.8 22.3
562 S.H. Ansari et al.points were determined on a Perﬁt apparatus and are uncor-
rected. CC was performed on silica gel (Merck, 60–120 mesh)
and TLC on silica gel G-coated plates (Merck).
2.2. Plant material
The stem bark of M. indica var. ‘‘Fazli’’ was collected from
Laharpur, Sitapur, Uttar Pradesh and identiﬁed by Prof.
M.P. Sharma, Taxonomist, Department of Botany, Faculty
of Science, Jamia Hamdard (Hamdard University). A voucher
specimen No. PRL/JH/08/42 was deposited in the herbarium
of the Faculty of Pharmacy, Jamia Hamdard (Hamdard Uni-
versity), New Delhi, India.
2.3. Extraction and isolation
The air-dried stem bark of M. indica var. ‘‘Fazli’’ (4.0 kg) was
coarsely powdered and exhaustively extracted in a Soxhlet
apparatus with ethanol (95%) for 72 h. The ethanol extract
was concentrated to obtain a dark brown viscous mass
(260 g, 6.5% yield). Small portion of the extract was screened
to determine the presence of different chemical constituents.
The viscous dark brown mass (100 g) was dissolved in mini-
mum amount of methanol and adsorbed on silica gel (150 g,
60–120 mesh) for column. The slurry was air-dried and chro-
matographed over silica gel column (150 · 5 · 0.1 cm) packed
with silica gel (1.5 kg) in petroleum ether (b.p. 60–80). The
column was eluted successively with petroleum ether, mixture
of petroleum ether and chloroform (9:1, 3:1, 1:1 and 1:3), pure
chloroform and ﬁnally mixture of chloroform and methanol
(99.5:0.5, 99:1, 98:2, 95:5). Various fractions were collected
separately and matched by TLC to check homogeneity. Similar
fractions (having same Rf values) were combined and crystal-
lised. The isolated compounds were recrystallised to get the
pure compound(s). The physicochemical and spectral data of
the isolated compounds are reported below.
2.4. 3-Oxo-lanost-1,20(22)-diene-27-oic acid (1)
Elution of the column with petroleum ether (60–80) gave
colourless amorphous mass of 1, recrystallised from chloro-
form: methanol (1:1), 28.2 g (0.70% yield), Rf = 0.63
((benzene: chloroform, 9:1)), m.p. 140–141 C; 13C NMR
(CDCl3): Table 1; +ve FAB-MS m/z (rel. int.): 455
[M+H]+ (C30H47O3) (3.7).
2.5. Manglanostenoic acid A (2)
Further elution of the column with petroleum ether gave a col-
ourless amorpous mass of 2, recrystallised from CHCl3–
MeOH (1:1), 4.5 g (0.11% yield), Rf = 0.18 (benzene:chloro-
form, 9:1), m.p. 150–151 C, ½a30D ¼ þ20:18 (C 0.9750,
MeOH); UV kmax (MeOH): 230 nm (log e 6.7); IR cmax
(KBr): 3265, 2955, 2880, 1705, 1680, 1635, 1457, 1361, 1266,
1197, 1165, 1156, 1077, 1000, 940 cm1; 1H NMR (CDCl3):
d 6.20 (1H, d, J= 6.0 Hz, H-1), 6.06 (1H, d, J= 6.0 Hz, H-
2), 5.36 (1H, m, H-24), 1.96 (3H, Me-26), 1.20 (3H, Me-29),
1.16 (3H, Me-19), 1.13 (3H, Me-28), 1.05 (3H, d,
J= 6.0 Hz, Me-21), 0.96 (3H, Me-30), 0.86 (3H, Me-18);
13C NMR: Table 1; +ve ion FAB-MS m/z (rel. int.): 455[M+H]+ (C30H47O3) (3.4), 439 (7.3), 424 (28.0), 410 (12.1),
256 (10.5), 155(100), 141 (20.1).
2.6. Manglanostenoic acid B (3)
Elution of the column with petroleum ether-chloroform (9:1)
afforded colourless crystals of 3, recrystallised from CHCl3-
MeOH (1:1), 6.12 g (0.15% yield), Rf = 0.25 (benzene:chloro-
form, 9:1), m.p. 164-165 C, ½a30D ¼ þ13:12, (C 0.6510,
MeOH); UV kmax (MeOH): 257 nm (log e 5.6); IR cmax
(KBr): 3350, 1702, 1680, 1635, 1455, 1385, 1260, 1210, 1185,
1065, 955 cm1; 1H NMR (CDCl3): d 6.13 (1H, d,
J= 5.8 Hz, H-2), 6.03 (1H, d, J= 5.8 Hz, H-1), 5.37 (1H,
m, H-6), 5.32 (1H,m, H-22), 1.87 (3H, s, Me-21), 1.09 (3H, s,
Me-28), 1.03 (3H, s, Me-29), 1.00 (3H, s, Me-19), 0.97 (3H,
brs, Me-30), 0.93 (3H, d, J= 6.0 Hz, Me-26); 0.80 (3H, s,
Me-18), 13C NMR (CDCl3): Table 1; +ve ion FAB-MS m/z
(rel. int.): 451 [M+H]+ (C30H43O3) (2.5), 435 (26.8), 406
(1.1), 309 (14.1), 293 (13.4), 267 (52.6), 252 (10.37), 141 (6.3),
137 (100), 109 (86.3).
2.7. Manglanostenoic acid C (4)
Further elution of the column with petroleum ether-chloro-
form (9:1) yielded compound 4, recrystallised from acetone-
methanol (1:1), 8.8 g (0.88% yield), Rf = 0.44 (benzene:chlo-
roform, 9:1), m.p. 139-141 C, ½a30D ¼ þ2:1, (C 0.7520,
MeOH); UV kmax (MeOH): 241 nm (log e 8.1); IR cmax
(KBr): 3260, 2900, 2860, 1698, 1685, 1630, 1445, 1405, 1365,
New manglanostenoic acids from the stem bark 5631355, 1250, 1185, 1140, 1060, 975, 910 cm1; 1H NMR
(CDCl3): d 6.05 (1H, d, J= 6.6 Hz, H-1), 6.00 (1H, d,
J= 6.6 Hz, H-2), 5.33 (1H, m, H-7), 5.29 (1H, m, H-22),
1.90 (3H, Me-21), 1.07 (3H, s, Me-19), 1.03 (3H, d,
J= 6.0 Hz, Me-26), 0.99 (3H, d, J= 6.1 Hz, Me-30), 0.93
(3H, Me-28), 0.90 (3H, s, Me-29), 0.86 (3H, d, J= 6.5 Hz,
Me-18); 13C NMR (CDCl3): Table 1; +ve ion FAB-MS m/z
(rel. int.): 457 [M+H]+ (C30H49O3) (5.0), 441 (11.3), 411
(12.5), 315 (21.1), 300 (15.3), 155 (100), 95 (56.1).
2.8. Manglanostenoic acid D (5)
Mother liquor of compound 4 on separation by preparative
TLC and recrystallisation from CHCl3-MeOH (1:1) gave com-
pound 5, 2.25 g (0.05% yield), Rf = 0.38 (benzene:chloroform,
9:1), m.p. 172-174 C, ½a30D ¼ 0, (C 1.035, MeOH); IR cmax
(KBr): 3405, 2950, 2845, 1710, 1690, 1625, 1410, 1405, 1325,
1225, 1000, 910, 890, 820 cm1; 1H NMR (CDCl3): d 6.35
(1H, d, J= 6.5 Hz, H-1), 6.11 (1H, d, J= 6.5 Hz, H-2), 5.32
(1H, m, H-6), 5.27 (1H, m, H-24), 1.84 (3H, Me-26), 1.11
(3H, Me-28), 1.05 (3H, Me-19), 1.00 (3H, Me-30), 0.92 (3H,
d, J= 6.3 Hz, Me-21), 0.89 (3H, brs, Me-29), 0.81 (3H, brs,
Me-18); 13C NMR (CDCl3): Table 1; +ve ion FAB-MS m/z
(rel. int.): 453 [M+H]+ (C30H45O3) (4.5), 437 (41.6), 407
(29.4), 392 (29.0), 377 (12.1), 311 (6.1), 141 (11.2), 109 (100),
95 (25.8)
3. Results and discussion
Compound 1 was the known phytoconstituent characterized as
3-oxo-lanost-cis-1,20(22)-dien-27-oic acid (Ahmed et al.,
2010).
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Compound 2, namely manglanostenoic acid A, was
obtained as a colourless amorphous mass from petroleum ether
eluants. It gave positive Zimmermann’s tests for 3-keto triterpe-
noid (Ali, 2001) and effervescences with sodium bicarbonate
solution. Its IR spectrum showed absorption bands for carbox-
ylic group (3265, 1680 cm1), keto function (1705 cm1) and
unsaturation (1635 cm1). On the basis of FAB- and 13C
NMR data, theMwt of 2was estabilished as 455 [M+H]+ con-
sistent with MF of a tetracyclic triterpenoid, C30H47O3. The
mass fragmentation pattern was identical to that of 1 suggesting
similar carbon skeleton of the compound. The 1H NMR spec-
trum of 2 displayed three one-proton signals as doublets at d
6.20 (J= 6.0 Hz), 6.06 (d, J= 6.0 Hz), and as multiplet at d
5.36 assigned to cis-orientated H-1, H-2 and H-24, respectively.
A 3H singlet at d 1.96 was attributed to C-26 methyl protonsattached to C-25 vinylic carbon. The C-21 secondary methyl
group appeared as a three-proton doublet at d 1.05
(J= 6.0 Hz). The remaining tertiary methyl proton resonated
as singlets at d 1.20 (Me-29), 1.16 (Me-19), 1.13 (Me-28), 0.96
(Me-30) and 0.86 (Me-18). The existence of all methyl groups
in the range of d 1.20-0.86, except the vinylic C-26methyl group,
supported lanostane-type carbon skeleton of the molecule
(Chung et al., 2006). The 13C NMR spectrum of 2 showed 30
carbon signals and important signals appeared for keto carbon
at d 207.3 (C-3), carboxylic carbon at d 176.5 (C-26) and vinylic
carbons at d 146.9 (C-1), 126.7 (C-2), 126.3 (C-24) and 132.8 (C-
5). The HMBC spectrum of 2 showed correlations of H-2, H-1
and CH3-29 with C-3; H-24 and CH3-26 with C-27. The
1H
NMR and 13C NMR spectral data of 2 were compared with
the earlier reported related lanostene-type triterpenoids
(Kangouri et al., 1989; Ansari et al., 1993). On the basis of this
information, the structure of 2 has been elucidated as 3-oxo-
lanost-cis-1,24-diene-27-oic acid (manglanostenoic acid A).
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Compound 3, named manglanostenoic acid B, was obtained
as colourless crystal from petroleum ether-chloroform (9:1) elu-
ant. It responded positively to Zimmermann’s test for 3-oxo
triterpenoids and produced effervescences with sodium bicar-
bonate solution. Its IR spectrum showed the characteristic
absorption bands for carboxylic group (3350, 1680 cm1), car-
bonyl group (1702 cm1) and unsaturation (1635 cm1). On the
basis of FAB- and 13CNMR data, theMwt of 3was established
as 451 [M+H]+ consistent with MF of a oxotriterpenoic acid,
C30H43O3. Its mass spectrum displayed ion fragments of diag-
nostic importance at m/z 141 [side chain]+, 435 [M-Me]+,
406 [M-CO2]
+, 309 [M-side chain]+, 293 [309-Me]+, 267
[309-ring D ﬁssion]+ and 252 [267-Me]+ suggesting the pres-
ence of an unsaturated side chain with carboxylic acid and
the saturated nature of ring D. The 1H NMR spectrum of 3 dis-
played the presence of vinylic proton signals as one–proton
doublets at d 6.13 and 6.03, with J-value 5.8 Hz each, assignable
to cis-H-2 and H-1, respectively, and two one-proton multiplets
at d 5.37 and 5.32 describable to H-6 and H-22, respectively. A
3H-singlet at d 1.87 was attributed to C-21 methyl group
attached to C-20 unsaturated carbon. A three-proton doublet
at d 0.93 (J= 6.0 Hz) was ascribed to C-26 secondary methyl
protons. The ﬁve tertiary methyl groups appeared as singlets
from d 1.09 to 0.80. Its 13C NMR spectrum demonstrated the
presence of thirty carbon atoms along with one carbonyl signal
at d 206.7 (C-3), one carboxylic group d 179.1 (C-27) and eight
vinylic carbons from d 148 to 121.2 (Ansari et al., 1993). The
HMBC spectrum of 3 showed correlation of H-2, H-1 and
H3-29 with C-3; H-6, H2-7 and H3-28 with C-5; H2-11, H2-12,
H3-19 with C-9; H-17, H3-21, H-22 and H2-23 with C-20; H-
564 S.H. Ansari et al.25, H2-24 and H3-26 with C-27. On the basis of this informa-
tion, the structure of 3 has been established as 3-oxo-lanost-
cis-1,5,8,20(22)-tetra-ene-27-oic acid (manglanostenoic acid B).
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Compound 4, designated as manglanostenoic acid C, was
obtained as colourless crystalline mass from petroleum ether-
chloroform (9:1) eluant. The compound responded positively
to Zimmermann’s test and showed effervescence with
NaHCO3 solution. Its IR spectrum exhibited absorption bands
for carboxylic acid (3260, 1685 cm1), keto group (1698 cm1)
and oleﬁnic bond (1630 cm1). Based on FAB- and 13C NMR
data, the Mwt of 4 was established as 457 [M+H]+ consistent
with MF of a triterpenoid C30H49O3. The mass spectrum
showed important ion fragments at m/z 441 [M-Me]+, 411
[M-COOH]+, 315 [M-C8H13O2, side chain]
+ and 300 [315-
Me]+ supporting the presence of carboxylic functional group
and a C-8 side chain possessing one carboxylic group and
one vinylic linkage. The 1H NMR spectrum of 4 displayed
two one-proton deshielded doublets at d 6.05 (J= 6.6 Hz)
and 6.00 (J= 6.6 Hz) assigned to cis-oriented vinylic H-1
and H-2, respectively, and two one proton multiplets at d
5.33 and 5.29 due to H-7 and H-22 vinylic proton, respectively.
A three-proton singlet at d 1.90 was ascribed to C-21 methyl
protons attached to C-20 vinylic carbon. Three singlets at d
1.07, 0.93 and 0.90 integrating for three-protons each were
accounted to C-19, C-28 and C-29 tertiary methyl protons,
respectively. Three doublets at d 1.03 (J= 6.0 Hz), 0.99
(J= 6.1 Hz) and 0.86 (J= 6.5 Hz) integrating for three pro-
tons each were correspondingly describable to C-26, C-30
and C-18 secondary methyl protons and indicated C13-C14
seco-triterpenic carbons framework of 4. The 13C NMR spec-
trum of 4 showed 30 carbon signals including oxo-carbon at d
207.6 (C-3), carboxylic carbon at d 179.7 (C-26) and vinylic
carbons between d 148.7-116.7. The presence of C-13 and C-
14 carbon signals in the upﬁeld region at d 37.1 and 34.8,
respectively, supported seco nature of the molecule (Sharma
and Ali, 1996). The HMBC spectrum of 4 showed interactions
of C-3 with H-2, H-1 and H3-29; C-8 with H-7, H-9, H-14 and
H3-30; C-20 with H-13, H-17, H2-16, H3-21, H-22 and H2-23;and C-27 with H-25 and H3-26. On the basis of this informa-
tion, the structure of 4 has been formulated as 3-oxo-lanost-
cis-1,7,20(22)-trien-13,14-seco-27-oic acid (manglanostenoic
acid C). A seco lanostenic acid, 3-oxo-lanosta-cis-1,5,7,24-tet-
raen-13,14-seco-27-oic acid, has been reported from Pistacia
integerrima galls (Ansari et al., 1994).
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Compound 5, designated as manglanostenoic acid D, was
obtained by the preparative TLC puriﬁcation of the mother
liquor of 4. It showed Zimmermann’s test for 3-oxo tritepenoi-
dal acids and sodium bicarbonate test for carboxylic acid. Its
IR spectrum exhibited absorption bands for carboxylic group
(3405, 1690 cm1), carbonyl group (1710 cm1) and unsatura-
tion (1625 cm1). On the basis of FAB- and 13C NMR data,
theMwt of 5was established as 453 consistent with MF of a tri-
terpenoid, C30H45O3. The important ion peaks arose atm/z 437
[M-Me]+, 407 [M-COOH]+, 392 [407-Me]+, and 311 [M-
C8H13O2, side chain]
+. The 1H NMR spectrum of 5 showed
two one-proton deshielded doublets at d 6.35 (J= 6.5 Hz)
and 6.11 (J= 6.5 Hz) assigned to cis-oriented vinylic H-1
and H-2 protons, respectively. Two one-proton multiplets at
d 5.32 and 5.27 were ascribed to vinylic H-6 and H-24 protons,
respectively. A three-proton singlet at d 1.84 was accounted to
C-26 methyl protons located on the vinylic carbon C-25. A
three-proton doublet at d 0.92 (J= 6.3 Hz) and ﬁve three-pro-
tons singlets at d 1.11, 1.05, 1.00, 0.89, and 0.81 were describ-
able to secondary C-21 and tertiary C-28, C-19, C-30, C-29
and C-18 methyl protons, respectively. The 13C NMR spectrum
exhibited 30 carbon signals including keto carbon at d 206.8 (C-
3), vinylic carbons between d 147.5 and 122.6, carboxylic car-
bon at d 177.1 (C-27) and methyl carbons from d 27.8 to
17.9. The HMBC spectrum of 5 showed correlation of C-3 with
H-2, H-1 and H3-29; C-5 with H-6, H2-7 and H3-28; and C-27
with H3-26 and H-24. On the basis of this information, the
structure of 5 has been elucidated as 3-oxo-lanost-cis-1,5,24-tri-
ene-27-oic acid (manglanostenoic acid D).
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New manglanostenoic acids from the stem bark 5654. ConclusionPhytochemical investigation of the stem bark ofM. indica var.
‘‘Fazli’’ resulted in the isolation of lanostene-type triterpenic
acid which may be useful in the treatment of body disorders.
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